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THE EFFECT OF STEMMING ON THE EFFICIENCY OF 
EXPLOSIVES. 


By Watter O. SNELLING and CLARENCE HALL. 


INTRODUCTION. 


All commercial explosives owe their power of doing work to the 
expansive force of the great volume of gas evolved from them at the 
moment of explosion. The pressure exerted by this gas in the drill 
hole or other confined space in which the explosion is brought about 
is what makes explosive substances of value in mining or other 
industries and is the primary cause of all those manifestations of 
energy that follow the firing of a charge. 

Common black blasting powder, on explosion, produces about 390 
times its own volume of permanent gases; 40 per cent dynamite pro- 
duces about 530 times its own volume of permanent gases; and 
nitroglycerin produces somewhat more than 747 times its own vol- 
ume of permanent gases. These proportions of volume of gases to 
volume of explosive are those that would be found if the gases were 
measured under normal conditions of temperature and pressure, but 
at the moment of explosion the gases are highly heated, and there- 
fore tend to occupy a volume much greater than the figures given 
above. 

The experienced miner knows that for a slow-burning explosive, 
such as black blasting powder, a considerable amount of stemming @ 
must be firmly tamped in the drill hole in order to produce such 
confinement as is required to obtain the maximum effect from a shot. 
Dynamite and similar explosives, however, give very powerful effects 
without being confined at all, and so some miners have come to 
believe that dynamite and other “high” explosives do not require 
stemming, and that rock can be broken as effectively by firing car- 
tridges of explosive in a drill hole without stemming as by using well- 
tamped stemming to confine the charge But this belief is by no 
means general. It has long been noted that those miners who have 
greatest success in the use of “‘high”’ explosives have recognized that 


a In the publications of the Bureau of Mines, the word “stemming”’ is used to designate the material 
used to confine an explosive in a drill hole, and the word “‘tamping’’ is used to designate the act of 
tamming the stemming into the hole. 
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earth or clay should be used as a stemming for all shots, and that 
the careful tamping of these materials into place increases the effect 
of a blast. 

The structure of rocks and the direction of cracks and partings 
are so variable that it is quite impossible to drill in a face of coal or 
rock two shot holes absolutely alike and representing exactly the 
same conditions. Hence it is impossible to make in a mine or quarry 
a test that would settle definitely the question of just what advan- 
tages are gained by the use of stemming with “high” explosives. By 
comparative tests much evidence has been gathered to show that 
shot holes in which a large quantity of well-tamped stemming is 
used give better results than those in which no stemming is employed, 
but from the lack of definite proof that the conditions in the tests 
were identical, this evidence has not been sufficient to convince those 
miners who do not believe that stemming increases the efficiency of 
a shot. 

One of the main purposes of the work of the Bureau of Mines is to 
increase safety in mining operations, and the carrying out of this 
purpose involves a study of the'best methods for the safe and eco- 
nomical use of explosives. The efficiency of stemming seemed to be 
a matter that could be tested experimentally in a precise manner 
by selecting a material of uniform structure, and by using stemming . 
in some of the tests and not using it in others. Consequently the 
authors undertook the experiments described in this paper; the fir- 
ing of the shots and the measurements of the expansion produced 
were done by W. C. Cope and A. J. Hazlewood, of the bureau. 


= TRAUZL LEAD BLOCK TEST. 


The Trauzl lead block furnishes one of the simplest means for 
measuring the relative strength of ‘‘high” explosives. A cylinder 
of lead, 20 centimeters (7% inches) in diameter and 20 centimeters 
(7% inches) high, contains a bore hole 2.5 centimeters (1 inch) in 
diameter and 12.5 centimeters (5 inches) in length. Figure 1 shows 
a section through such a lead block. 

A known amount of the explosive under test is placed in the bore 
hole and then fired. The pressure of the gases evolved by the 
explosive expands the hole into the pear-shaped cavity shown in 
figure 1, The original volume of the bore hole is determined by 
measuring the amount of water required to fill it exactly; the vol- 
ume, after a test, is determined in the same way. The difference 
between the volume of the hole after the firing of the charge and 
the volume before is taken as a measure of the force exerted by the’ 
explosive. 

The authors believed that this test could be modified so as to 
indicate accurately the exact ificrease of efficiency, if any, that is 
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effected by the use of stemming. If two tests of equal charges of 
the same explosive be made and similar blocks be taken, the charge 
in one test being unconfined and in the other test confined by a 
definite quantity of stemming, then evidently any difference in 
efficiency due to the use of stemming will 
be shown by the difference in the expan- 
sion of the bore hole in the two tests. 

The apparatus used in the experimental 
study described in this paper is shown in 
figure 2. The lead block A, cast from 
new lead of known purity, is 20 centime- 
ters (7% inches) in diameter and 20 centi- 
meters (7% inches) high, and contains a 
bore hole 2.5 centimeters (1 inch) in 
diameter and 12.5 centimeters (5 inches) 
in depth. The steel spindle B, 39.5 
centimeters (15} inches) in length, con- 
tains a bore hole having the exact diam- 
eter of that in the lead block; C and C’ 
are two steel plates, and D is one of 
four steel rods for holding the apparatus 
together. 

Several series of tests were made with 


zy 


strength ammonia Ficvre 1.—Section of Trauzl lead block 
dynamit e, and 40 pas sing the firing of a charge 
per cent ‘‘straight” 
dynamite, because it was recognized that the 
effect of differerit weights and kinds of stem- 
ming might vary greatly with the manner in 
which the energy of the explosive was devel- 
oped. Black blasting powder is a slow-burn- 
ing or nondetonating explosive, and therefore 
charges of this powder must be confined by 
stemming to give useful effects. Forty per 
cent strength ammonia dynamite is a quick- 
T, acting or detonating explosive. Forty per 
Ficure 2.—Section of Trauzl cent ‘‘straight’’ dynamite detonates very 
ed oem SPindie, and Guickly. It is an explosive of the type often 
used for ‘‘adobe” or mud-capping shots, and 
is frequently assumed to give equally effective results with or without 
stemming. 
Several different stemming materials were selected for the tests, 
since it seemed that an investigation of the relative efficiency of 
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different kinds of stemming might be made a part of the study. 
Dry sand, both tamped and untamped; dry fire clay, tamped and 
untamped; and moist sand, tamped, and moist fire clay, tamped, 
were used. 

PRELIMINARY TESTS. 


The first tests were made to determine whether 40 per cent strength 
ammonia dynamite, the intermediate explosive selected for test, 
would give more powerful effects with stemming than without. 

Twenty grams of this dynamite was placed within the bore hole 
of a Trauzl lead block. A No. 6 double-strength electric detonator 
was placed within the charge, and the apparatus was then assembled 
as shown in figure 2. No stemming was used. The original volume 
of the bore hole in the lead block was 63 cubic centimeters, and the 
volume after the explosion 293 cubic centimeters, hence the enlarge- 
ment or expansion of the hole from the shot was 230 cubic centi- 
meters. 

In the second test the same weight, 20 grams of 40 per cent strength 
ammonia dynamite, was used in a new lead block exactly similar to 
the one used in the first experiment. The charge was placed in the 
bottom of the bore hole and a No. 6 detonator was placed in contact 
with it. One hundred grams of dry sand so sized that it passed 
through a 40-mesh but was caught on an 80-mesh sieve, was poured 
into the bore hole, and then the shot was fired. The expansion of the 
bore hole was 434 cubic centimeters. In the previous experiment, 
without stemming, the expansion was only 230 cubic centimeters, 
consequently the use of stemming increased the expansion 204 cubic 
centimeters, or 88 per cent. 

The preliminary experiments having shown a remarkable gain in 
effect by the use of stemming, several similar experiments were per- 
formed to make sure that the gain was not the outcome of chance or 
accident, but was really due to the use of stemming. In all these 
experiments, however, it was found that when stemming was used 
the enlargement of the bore hole was increased about 88 per cent. 
Thus the experiments showed conclusively that a given quantity of 
40 per cent strength ammonia dynamite, with stemming, will do the 
same amount of work as a much larger quantity of the same explosive 
without stemming. 

The preliminary tests having shown that the use of stemming 
increases the efficiency of an explosive, the authors decided to carry on 
all the tests in such a way as to show just how much the efficiency was 
increased by the use of different quantities of stemming. Accordingly, 
tests were made with each of the three selected explosives, black 
blasting powder, 40 per cent strength ammonia dynamite, and 40 
per cent ‘‘straight’”’ dynamite, and with six different stemming 
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materials, tamped dry fire clay, untamped dry fire clay, tamped dry 
sand, untamped dry sand, tamped moist fire clay, and tamped moist 
sand. Tests were made with each of these materials, using 6.25 
grams of stemming, followed by 12.5 grams, 25 grams, 50 grams, 100 
grams, and 200 grams. In a few tests 300 and 400 grams of stemming 
were used. 


TESTS OF 40 PER CENT STRENGTH AMMONIA DYNAMITE. 


The ammonia dynamite used in these tests had the following com- 
position, by analysis: 


Composition of 40 per cent strength ammonia dynamite used in tests. 


[C. G. Storm, analyst.] 


Moisture. ................. gibt Ciara Seis de sieetatsrar alanis 3 aye putes 1. 67 
Nitrogly Cerf scene = sixine Fdesetoesey aos Te Saiss Eee ch aeesSacews 22. 65 
AMMONIUM DI Ate..c.n5sehaeca See cesses gs eaet se snadtites 18. 38 
SUlpHU Pees ic ots bos th wg e Reo sea ee ee sana e sere aaa eet ad 6. 00 
YANG COPING au ass hosaGse pas Gees aTEREM OE AEG Ede sw 20s Sey seoee 50 
Soditim Nitrate +.2255, ox705 seh ls bile hag sino ace tied seae eres 40. 89 
State cscscces cca casce seesgecsd Oe ewe oe ae OES HEE AT SARS RIES 6. 33 
Wood pulpiand crude fiberiw.5 222i scscecataeseicaeassaelneged 3. 58 

100. 00 


The preliminary experiments to determine the expansion of the 
bore hole with and without the use of stemming have been mentioned. 
The next tests were made with the several weights of untamped dry 
sand asstemming. The result of these tests is shown in the following 
tabulation: 


Expansion of bore hole by a charge of 20 grams of 40 per cent strength ammonia dynamite, 
with different weights of untamped dry sand as stemming. 


Expansion 
of bore hole 
. ; in cubie 
Weight of stemming. centimeters. 
O STAM so ots echaaciehtesl saan Seas Se eRe oe tae 230 
G25: PFAMS 22.255 S old Goes siias Shade egsacaesog sgeiseedeeins sem 304 
12 Sprains: teset ge rshees Saaessecdeeses setae dotghesguetep 359 
25 PTA pide 5 sacee ee da sasi2d Sos e se ogo aes E a HET ETTIG SEES 408 
DO PRAMS. <5 ccs rsstacccsweegeresstaes tog ooosediasetaeseee tate 430 
100 grams........ Siete shaisisy ara aalonr thisch nk SlaaiseAtieneeane eee 434 
ZOO GTAME ss, c% SF oes cece sgoradosstecceceres te a Ses oes steatelec 446 


The figures show the progressive increase of the expansion and 
therefore of the effective work done by the explosive, with the suc- 
cessively larger weights of stemming, and also show that, as compared 
with an unconfined charge, a little stemming has a much greater 
relative influence on the effectiveness of a shot than a large amount. 
When 6.25 grams of stemming was used, the effective work done, as 
measured by the expansion of the bore hole, was increased 32 per cent. 
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When 12.5 grams of stemming was used, the work done was further 
increased 24 per cent. When the weight of stemming was again 
doubled, 25 instead of 12.5 grams being used, the energy utilized in 
expanding the block increased 21 per cent. Doubling the amount of 
stemming, to 100 grams and then to 200 grams, increased the expan- 
sion of the bore hole only a little. 

Tests with untamped fire clay for stemming gave results as follows: 


Expansion of bore hole by 20-gram charges of 40 per cent strength ammonia dynamite, 
with diferent weights of untamped dry fire clay as stemming. 


Expansion 

of bore hole 

Weight of stemming. soutimieters 
O Gta eo sero dlsensaisciaeenaSastinehepagsdadse isa deseo aees 230 
G20 PYAIMNSs cc's cad ac. ccorastanasaaesanss aber esenesahsoreacs 288 
ZB TATIS 3 PALA SVR aarsiaadc bb atotaytoleheters shah bikie aa gctctarets 347 
QO SIAM asic ccsea snes seb clive we Ava aot ers Rode asa BR pee esa clasies 385 
BO STAMB 3 ooo yb2 cae ccinc et casa ewe ere S ea eEae owe So Sae SS 387 
LOO }STAMS): 26s cee 4c neta tis 52c haSS sea tehe ao abse Rasa oes as 381 
200 eTaMS:- sets ceckseeteconsasateSacsssce Win cody St ase Sues 378 
SOO STAMB os orice Z sed ose s55 SE sisios gwesss detincssbseis5 384 


UNTAMPED DRY SAND 


EXPANSION, C. C. 


Per a a a a Ol 

BECERRA EEE 

12.5 2 100 200 
WEIGHT OF STEMMING, GRAMS. 


Ficure 3.—Curves showing effect of untamped dry fire clay and untamped dry sand as stemming for 
20-gram charges of ammonia dynamite. 


In these tests also asmall amount of stemming decidedly increased 
the efficiency of the explosive, and larger amounts increased the effi- 
ciency at adecreasing rate for each increase in the amount of stemming. 
With more than 50 grams of stemming there was very slight gain in 
efficiency. The table shows a slight decrease in efficiency from the 
use of 200 grams of stemming. Similar discrepancies appear in other 
tables in this paper. They result from the slight but unavoidable 
sources of error in the tests. For instance the lead blocks, though as 
similar as they can be made, differ a little in compressibility and other 
properties. The results of tests with 40 per cent strength ammonia 
dynamite are shown by the curves in figures 3, 4, and 5; the results 
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obtained by using untamped dry fire clay and untamped dry sand are 
platted in figure 3, those obtained by the use of tamped moist sand 
and tamped dry sand are platted in figure 4, and those obtained with 
tamped moist fire clay and tamped dry fire clay are platted in figure 5. 
Evidently under the conditions of these experiments, moist fire clay 
was the most efficient and untamped dry fire clay the least efficient 


a — 
Beene seee 

HSURUR Bees 
Pap frinees ony eas) PTT 

TAMPED DRY SAND 

BPeRUaaeRAeS 


EXPANSION, C. C. 


12.5 25 50 7S 100 200 
WEIGHT OF STEMMING, GRAMS. 


Ficure 4.—Curves showing effect of tamped moist sand and of tamped dry sand as stemming for 20-gram 
charges of ammonia dynamite, 


stemming. In comparison with unstemmed shots, small quantities 
of stemming, 50 grams or less, usually increased the efficiency of the 
explosive from a minimum of 15 per cent, with tamped moist sand to a 
maximum of 87 per cent with untamped dry sand. Tests with explo- 
sives other than 40 per cent strength ammonia dynamite show widely 
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12.6 25 50 15 100 200 
WEIGHT OF STEMMING, GRAMS. 


Ficure 5 —Curves showing effect of tamped moist fireclay and of tamped dry fire clay as stemming for 
20-gram charges of ammonia dynamite, 


differing relations, because the differences in the rate at which the 

gases and other products of explosion are evolved prevents the stem- 

ming that is most efficient for one explosive from being as efficient for 

others. Thus in the tests with black blasting powder tamped dry 

fire clay proved a more eflicient stemming material than tamped moist 

fire clay. Other irregularities also will be pointed out. 
39385°—12——2 
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TESTS OF BLACK BLASTING POWDER. 


The black blasting powder used in these tests was found on analysis 
to have the following composition: 


Composition of black blasting powder used in tests. 


(J. H. Hunter, analyst.] 


Moistut6ssscchedccd session gent faa deusdeseeteeeatetcessensees «0.65; 
Sodium nitrate............... SHAEeORArh obs tee ek shee ST sncers ae 71.80 
PUlpHUPS oo Ae scaseSscie hides shah easba ls saeorsdseeweeges 10. 74 
Charcoal sciccscsarcge cdesitts cana vonloe een aan cbapatealeeg season 16. 81 

100. 00 


This powder is known as FFF; the sizing test gave the following 
result: 
Result of sizing black blasting powder used in tests. 


Diameter of mesh— | 
ee | 
«,,| Percentage 
Grade. | Through |On which 
which grains caught. 
grains were 
passed. | caught. 
Inch Inch. 
FFFF) & sj.-..---eee 17.50 
FFF a ¥& 60. 50 
FF it a 22.00 


The first experiments of this series were made to determine the 
expansion produced in lead blocks without stemming. In each test 
20 grams of the black powder were put in the bore hole of the lead 
block, a black-powder igniter was inserted in the powder so that the 
charge could be ignited by electricity, and the spindle was put in place 
as shown in figure 2. Several tests were made, but in none was there 
a perceptible enlargement of the bore hole, although the firing of 
each charge gave a loud report like that of ashotgun. The pressure 
required to enlarge the bore hole of the lead block is high, and can not 
be obtained with unconfined charges of black blasting powder, because 
the gases from the burning powder escape as rapidly as they form. 

Several experiments with 6.25 grams, 12.5 grams, and 25 grams of 
each of several types of stemming were tried, but in no test was there 
a perceptible enlargement of the bore hole. With 20 grams of black 
powder and 50 grams of tamped dry fire clay the enlargement of the 
bore hole was 7 ¢. ¢., and with 20 grams of the explosive and 50 grams 
of the tamped moist fire clay the enlargement was 1¢.c. These tests 
show that charges of black blasting powder require stemming to 
produce any useful effect in blasting. Figure 6 shows the effects 
produced by using tamped moist fire clay and untamped dry fire clay, 
figure 7 shows the results from using tamped dry sand and untamped 
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dry sand, and figure 8 shows the results from using tamped moist sand 
and tamped dry fire clay as stemming. 

The results demonstrate very clearly that a large quantity of well- 
tamped stemming is required to obtain the full useful effect from a 
charge of a nondetgnating explosive. The enlargement of the bore 
hole in the different tests shows a tendency to increase as the quan- 
tity of stemming is increased and as the stemming is packed more 
tightly in the bore hole. Consequently, it is safe to say that with 


ArT Lice lek: eet 
PCE Pec bi hie iin ed hy RCT. 


| [—--TAMPED MOIST FIRE CLaY| | | 


EXPANSION, C. C. 


25 50 ~ 100 150 200 


WEIGHT OF STEMMING, GRAMS. 


Figure 6.—Curves showing effect of tamped moist fire clay and of untamped dry fire clay as stemming for 
20-gram charges of black blasting-powder. 


black blasting powder and similar explosives the largest quantity of 
stemming that can be employed will prove in general the most efficient. 
In order to utilize properly the strength of black blasting powder it 
seems necessary to make the confining power of the stemming equal 
at least to the ultimate breaking strength of the surrounding rock, 
and evidently such confining power can not be obtained without 
filling the bore hole as full as possible with stemming. 


pis ETS BEER EEE ee 
SeOaE See eee 


‘TAMPED DRY SAND 


or 

swan 

50 160° 150 200 
WEIGHT OF STEMMING, GRAMS. 


Fiaure 7.—Curves showing effect of tamped dry sand and of untamped dry sand as stemming for 20-gram 
charges of black blasting powder. 


EXPANSION, C. C. 


The rate at which gases are evolved from black blasting powder is 
extremely slow compared with the rate of detonation of detonating 
explosives and the gases tend to find the point of least resistance. If 
this point is in an undercut, or is in the weak side of the mass of rock 
or coal to be dislodged, useful effects will be obtained from the shot. 
If, on the contrary, the drill hole is the point of least resistance, then 
a large part, or perhaps all, of the strength of the shot will be employed 
in blowing out the stemming and not in breaking rock or coal. 
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As a check on these tests of the effect of stemming on charges of 
black powder, a series of experiments were made in an entirely 
different manner. Charges of black powder, with different weights of 
stemming, were fired from a small steel cannon, and the explosive 
force in each test was measured by the deflection pr swing of a heavy 
pendulum against which the charge was fired. The cannon had a 
bore hole 5.7 centimeters (2.25 in.) in diameter and 53 centimeters 
(21.5 in.) in length. The pendulum was an old mortar, weight about 
30,000 pounds, suspended from knife p etlges so as to swing freely. 


EXPANSION, C. C. 


— 


WEIGHT OF STEMMING, GRAMS. 


Figure 8.—Curves showing effect of tamped moist sand and of untamped dry fire clay as stemming for 
20-gram charges of black blasting powder. 


Tests were made with FF, FFFF, C, and CCC black blasting powder 
and dry fire-clay stemming in amounts of 2, 3,4, and 5 pounds. The 
swing of the pendulum was greater in the tests with the larger amounts 
of stemming and the increase of swing was, roughly, proportional to 
the weight of stemming employed. In all the tests with the same 
weight of powder increasing the weight of stemming increased the 
swing of the pendulum. 


TESTS OF 40 PER CENT “STRAIGHT”? NITROGLYCERIN DYNAMITE. 


The 40 per cent dynamite used in the stemming tests was analyzed, 
with the following results: 


Composition of 40 per cent dynamite used in tests. 


[C. G. Storm, analyst.] 


MOISHUTG <,cfacjeine 926 Fo) Bysshe Sede DIOS spose SEE She Vase Eee 1. 45 
Nitroghycerinss 22202026800: oe Sha S 48 Goes saahne tes aadieonate 39. 46 
Sodium nitrate. ts iccen2s selaaanosgeses aces saceee yoshi gee 42. 62 
Calenini-Garhonstes a ossctel cd ora sahwarlainn atiedonGlacinesyechin ete i111 
W0o0d pulpia od weeds ne savcaguinites dal Ryle eee ee SS eeus ss 15. 36 

100. 00 


This dynamite acts rapidly and is assumed by many miners to 
give equally useful results whether confined by stemming or not 
confined at all. The experiments with 40 per cent ammonia dyna- 
mite and with black blasting powder had shown that any such 
assumption in regard to those éguleals es is entirely wrong, and so the 


Google 


TESTS OF 40 PER CENT ‘‘ STRAIGHT ’’ NITROGLYCERIN DYNAMITE. 13 


determination of the increase of efficiency, if any, from the use of 
stemming with a very rapid explosive, such as 40 per cent ‘‘straight”’ 
dynamite, was deemed of particular importance. 


EXPANSION, C. C. 


WEIGHT OF STEMMING, GRAMS. 


FiGuRE 9.—Curve showing effect of tamped moist fire clay as stemming for 20-gram charges of 40 per 
cent dynamite. 


Twenty grams of the 40 per cent dynamite, without any stemming, 
produced an enlargement of 367 c. c. in the bore hole of the lead block. 
With the same charge of explosive and 6.25 grams of untamped dry 


500 


EXPANSION, C. C. 


WEIGHT OF STEMMING, GRAMS. 


FIGuRE 10.—Curves showing effect of untamped dry sand and of untamped dry fire clay as stemming 
for 20-grain charges of 40 per cent dynamite. 


sand for stemming, the enlargement of the bore hole was 462 c. c., 
an increase of 95 c. c., or 26 per cent. With 6.25 grams of tamped 
moist fire clay as stemming, the enlargement of the bore hole was 
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507 c. c., an increase of 140 c. c., or 38 per cent, over the result 
obtained without stemming. Thus it appears that even with an 
explosive of such rapid action as 40 per cent dynamite, whose rate 
of detonation has been found to be 4,688 meters (14,574 feet) per 
second, there is a great increase in efficiency through the use of 
stemming. In the following table is shown the expansion produced 
in a series of tests by the use of 20 grams of 40 per cent dynamite 
with moist fire clay as stemming. The stemming in each test was 
tamped as compactly as possible. 


Expansion of bore hole by 20 grams of 40 per cent dynamite, with tamped moist fire clay as 


stemming. 
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EXPANSION, C, Ce 


WEIGHT OF STEMMING, GRAMS. 


Figure 11.—Curves showing effect of tamped fire clay, moist and dry, and of tamped dry sand as stem- 
ming for 20-gram charges of 40 per cent dynamite. 


The results show that stemming increases the efficiency of 40 per 
cent dynamite, and that with a quick-acting explosive, as with the 
slower-acting ammonia dynamite, small quantities of stemming 
increase the efficiency in greater proportion than further additions. 
Thus, in the above table, the enlargement of the bore hole from the 
use of 12.5 grams of stemming was 180 c. ¢. more than the enlarge- 
ment from a charge without stemming, and the increased efficiency 
of the explosive, measured by the enlargement of the bore hole, was 
49 per cent; the addition of a second 12.5 grams of stemming 
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increased the enlargement only 76 c. c., or 21 per cent; and the 
addition of more than 375 grams of stemming enlarged the bore hole 
only 104 c¢. c., or 28 per cent, more than the first 25 grams. The 
following chart (fig. 9) shows the expansions in the experiments. made 
with tamped moist fire clay. Figure 10 shows the expansions from 
using untamped dry sand and untamped dry fire clay as stemming, 
and figure 11 shows the results obtained by using tamped moist sand, 
tamped dry sand, and tamped dry fire clay as stemming. 


TESTS OF THE BLOCK-HOLE AND ADOBE METHODS OF BREAKING 
BOWLDERS. 


The Bureau of Mines is now conducting an investigation to deter- 
mine the comparative efficiency of the block-hole and the adobe 
methods of breaking large bowlders. The preliminary results empha- 
size the fact that the efficiency of very quick acting explosives is 
increased by confining the products of detonation. 

Large blocks of limestone of uniform texture were rough-cut into 
cubes of approximately the same size, and charges (two cartridges, 
each measuring 14 by 8 inches) of 35 per cent dynamite were fired 
on the blocks without and with a mud capping. A charge without 
capping produced no effect other than a slight crack in the block, 
but an equal charge of dynamite partly confined by a mud capping 
broke a similar cube into many small pieces. Test of the block-hole 
method on a similar limestone cube, a 1-inch hole being drilled 12 
inches deep in the center of a face of the cube, showed that 1 ounce 
of dynamite produced as effective results, if this charge was confined 
by stemming firmly tamped to the top of the hole, as did an uncon- 
fined charge of about 1 pound of the same explosive fired upon the 


block. 
CONCLUSIONS. 


The foregoing experiments prove definitely that confinement by 
the use of stemming greatly increases the efficiency of a charge of 
explosive. The expansion of the bore hole of the lead blocks in the 
experiments is a good measure of the pressure that is exerted on the 
wall of a drill hole by the same explosives in actual mining operations; 
it is reasonable to assume that the useful work done by the explosives 
would be in the same ratio. 

The increase in efficiency from the use of stemming varies consid- 
erably with different explosives. With slow-burning explosives, such 
as black blasting powder, a large quantity of stemming is required for 
effective results, and the greater the quantity of stemming used, and 
the more firmly this stemming is tamped into the bore hole, the greater 
is the useful work done by theshot. Since the stemming in a drill hole 
is seldom as firm or unyielding as the surrounding rock, as much 
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stemming should be used as can be placed in the drill hole. Only 
when the hole is filled completely with well-tamped stemming are 
conditions most favorable for the maximum utilization of the energy 
of the charge. 

With 40 per cent “straight” nitroglycerin dynamite, which is very 
quick acting, and with 40 per cent strength ammonia dynamite, which 
is intermediate between the slow-burning and the very quick-acting 
or “high” explosives, such as “straight” dynamite, stemming in- 
creases the efficiency of a shot. Smail quantities of stemming greatly 
increase the efficiency of very quick-acting explosives, and further 
additions of stemming increase the efficiency, but at a diminishing 
rate. 

The authors’ experiments covered only the essential factors affecting 
the efficiency of a shot, other factors, such as safety from blown-out 
masses of stemming, and, in coal mines, safety from ignition of gas 
or dust, have to be considered also, and these factors all lead to con- 
clusions justifying the use of large quantities of stemming. To obtain 
the greatest efficiency and safety, every charge of explosive should be 
carefully confined by well-tamped stemming. 

Although the tests were made with drill holes of the same size, and 
tests with different sized holes may show different relations, it is the 
belief of the writers that when efficiency alone is to be considered, the 
length of the space occupied by stemming in a drill hole should be at 
least three times the length of the space filled with explosive. When 
explosives are used in gaseous or dusty coal mines, safety is the prime 
factor, and the best practice is to fill the drill holes to the mouth with 
well-tamped stemming. The results of the tests indicate that with 
high explosives less stemming need be used, but it should be remem- 
bered that each small charge of the explosives used in the tests received 
the full effect of a powerful detonator and its rate of detonation was 
themaximum. Theexplosives used were freshly made and in the best 
of condition. If explosives are old, or if they are frozen when used, 
a greater amount of stemming will be required to insure effective 
results. 

In certain metal mines in which the cost of drilling holes is of great 
importance, the tendency has been to use little stemming and in some 
cases the holes have been completely filled with explosive and no 
stemming used. In such cases the detonators are usually placed in 
the last cartridge, near the mouth of the drill hole. Obviously the 
detonation of the charge near the mouth of the drill hole is weak, but 
the detonation of this portion of the charge acts as an effective stem- 
ming to the balance of the charge. As regards economy, the question 
is whether the increased energy developed by the main portion of the 
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charge through the use of explosives in place of stemming balances 
the extra cost of the explosive. It is certain that old explosives pro- 
duce more poisonous gases when fired without stemming, and the 
writers believe that equally effective results can be obtained by re- 
placing a part of the explosive with moist clay stemming. 

The results of tests made at the Pittsburgh testing station with 
explosives similar to those used in metal mines show that when a 
column of explosives is detonated there is a decrease in the rate of 
detonation at the end farthest from the firing point. For this reason, 
if a weak detonation should occur in the front part of the charge in a 
drill hole without stemming, the decrease in the rate of detonation of 
the main charge might be further emphasized. 

When conditions in metal mines are such that the cost of drilling 
holes deep enough to accommodate sufficient stemming is pro- 
hibitive, a primer consisting of one cartridge of a ‘‘straight”’ nitro- 
glycerin dynamite, which detonates rapidly, and a No. 6 detonator 
may be used to advantage on top of the charge. Less stemming can 
then be used and the maximum efficiency more nearly approached. 

In estimating the amount of stemming, the size of the bore hole 
should be considered. The larger the diameter of the hole the 
greater the length of stemming that should be used. Another 
factor to be considered is the work to be done by the blast. A shot 
that is not well balanced, in respect to the quantity of explosive 
used and the position of the hole with reference to the work laid 
out, will require a greater length of stemming than a well-balanced 
shot. 

Commercial explosives are detonated to best effect and with the 
evolution of the least proportion of poisonous gases when they 
are well confined. Hence it is a safe practice to always tamp a 
drill hole to the mouth. 

Different stemming materials vary in the effect they have on the 
efficiency of different explosives. Under actual mining conditions, 
black blasting powder has been found to give the most effective 
results with moist fire clay as stemming, but the results of tests 
with the Trauzl blocks seem to indicate that moist sand or dry 
fire clay is a better stemming material. This discrepancy probably 
results from the fact that Trauzl blocks, even when fitted with an 
iron spindle, are not well adapted for testing the efficiency of black 
powder and other slow-burning explosives. In the tests -described 
in this paper the space occupied by 20 grams of powder was approxi- 
mately 1 inch in diameter and 1} inches long. In a column of these 
dimensions black blasting powder does not reach its maximum 
rate of burning. The flame slowly spreads from the powder grains 
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adjacent to the igniter, and accordingly there is a slow increase in 
pressure, which tends to force the plastic clay in a mass from the 
drill hole. Under actual mining conditions, moist fire clay is a more 
effective stemming material than is indicated by the results of the 
tests with a very small bore hole, because when large quantities of 
black powder are used the maximum rate of burning is more quickly 
approached, and accordingly there is a more rapid increase of pressure 
upon the stemming material. The moist clay, owing to inertia, 
tends to require some time to be moved by the gases pressing upon 
it, and as a result of the inertia and the plasticity of the clay, the 
stemming is forced into every inequality or rough place in the sides 
of the bore hole, this action being analogous to the distribution of 
pressure in liquids. In consequence the plastic mass of stemming 
tends to hold its position in the bore hole still more solidly. 

In tests made with 40 per cent strength ammonia dynamite, and 
40 per cent ‘straight’? dynamite, tamped moist fire clay proved 
the most efficient stemming, and tamped moist sand ranked second, 
while untamped dry fire clay was least efficient. 

From these results the general conclusion may be drawn that 
tamped moist fire clay, or some similar plastic material, is the best 
stemming for all explosives, and dry pulverulent material, such as 
dry fire clay, is least efficient. This conclusion is further strengthened 
by the results of tests with the ballistic pendulum, in which large 
quantities of black blasting powder were used with dry fire clay 
and moist fire clay stemming. The greatest swing of the pendulum 
resulted from the use of fire clay stemming containing about 11 per 
cent of moisture. 

The use of the most efficient stemming materials may increase 
the useful energy of a shot 93 per cent; the use of the least efficient 
stemming materials may increase that energy 60 per cent. Accord- 
ingly it is clear that the use of stemming is necessary when the 
maximum useful effect from an explosive is desired. 


Expansion of bore hole by 20 grams of 40 per cent strength ammonia dynamite, with 
different kinds and weights of stemming. 


Weight of stemming (grams). 


Kind of stemming. 0 | 6.25 | 12.5 


| a0 | 100 | 200 


Expansion of bore hole (c. c.). 


Tamped dry fire clay. | 
Tamped moist sand. . -| 230] 265] 293] 375] 389] 419] 470 
Tamped moist fire clay. ...0 23 ccc- cava acgvecenceesenies stone | 230] 280] 341] 382] 407] 462 | ‘ 

| 


Untamped dry sand). 223: .c625isctsseetesshsecesesontiegans 230 | 304] 359] 408] 430] 434 446 
Untamped dry fire clay. ---| 230] 288] 347] 385] 387] 381 378 
Tamped dry sand... . PAU Ree 355 | 379 | 393] 397 417 


230 | 285 | 339] 383] 389] 379 
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Expansion of bore hole by 20 grams of black blasting powder (FFF), with different kinds 
and weights of stemming. 


Weight of stemming (grams). 


Kind of stemming. 0 | 50 | 100 


190 | 290 | 250 | a0 


Expansion of bore hole (c. c.). 


Untamped dry sand................020.20202eceeeeeeeeeee ee 0 0 4] 30] 56] 70) 64 
Uotambed a fire cla: Fe 0 0 + 21 57 36 45 
Tam dry sand 0 0 27 61 53 61 45 
Tamped dry fire clay 0 7 25 42 57 65 | 75 
Tamped moist sand... . eee 0 0 38 57 71 79 83 
Tamiped moist: fire Clay s.vos-sesscueres~ ess ieayeentowesans | 0 1 3 9 19 20 32 


Expansion in bore hole of lead blocks by 20 grams of 40 per cent straight nitroglycerin 
dynamite, with different kinds and weights of stemming. 


Weight of stemming (grams). 


12.5 25 | so | 100 200 


| 


Kind of stemming. ! 0 | 6.25 


Expansion of bore hole (c. c.). 


Untamped diy sand 2c: 03.505 dasseeecenenaaccgaanetsses 367 | 462 | 504 | 569] 587] 636) 642 
Untam dry fire clay 367 | 460 | 496 | 574] 578] 590 589 
Tam dry sand...... 367 | 454} 503] 591 |} 592] 615 612 
‘Tam ped dry. fire Clay =. oc 235.5 S392 anes pose aeege eee uene es 367 | 385 | 504] 601] 602] 629 635 
Tamped moist:sand’. 5. : i225 25 fcc ended cena se scka ne sass 367 | 465 | 525 | 603] 645 | 697 696 
Famiped moist fire clay: .s..255.502.5020ccS. 2ecee oes anced | 367 | 507 | 547 | 623] 643| 696 710 


PUBLICATIONS ON MINE ACCIDENTS AND TESTS OF EXPLOSIVES. 


The following Bureau of Mines publications may be obtained free 
by applying to the Director, Bureau of Mines, Washington, D. C. 


Butietin 10. The use of permissible explosives, by J. J. Rutledge and Clarence 
Hall. 1912. 34 pp., 5 pls. . 

BuuLuetin 15. Investigations of explosives used in coal mines, by Clarence Hall, 
W. O. Snelling, and S. P. Howell, with a chapter on the natural gas used at Pitts- 
burgh, by G. A. Burrell, and an introduction by C. E. Munroe. 1911. 197 pp., 7 pls. 

BuLuetin 17. A primer on explosives for coal miners, by C. E. Munroe and Clarence 
Hall. 61 pp.,10 pls. Reprint of United States Geological Survey Bulletin 423. 

Butetin 20. The explosibility of coal dust, by G. S. Rice, with chapters by J. C. 
W. Frazer, Axel Larsen, Frank Haas, and Carl Scholz. 204 pp., 14 pls. Reprint of 
United States Geological Survey Bulletin 425. 

BuLuetin 26. Notes on explosive mine gases and dusts, by R. T. Chamberlin. 
67 pp. Reprint of United States Geological Survey Bulletin 383. 
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Miners’ Circuuar 2. Permissible explosives tested prior to January 1, 1911, and 
precautions to be taken in their use, by Clarence Hall. 1911. 12 pp. 

Miners’ Crrcutar 38. Coal-dust explosions, by G. S. Rice. 1911. 22 pp. 

Miners’ CrrcuLar 4. The use and. care of mine-rescue breathing apparatus, by 
J.W. Paul. 1911. 24 pp. 

Miners’ Crrcurar 5. Electrical accidents in mines; their causes and prevention, 
by H. H. Clark, W. D. Roberts, L. C. Ilsley, and H. F. Randolph. 1911. 10 pp., 
3 pls. 

Miners’ Crrcutar 6. Permissible’ explosives tested prior to January 1, 1912, and 
precautions to be observed in their use, by Clarence Hall. 1912. 

Tecunicau Paper 4. The electrical section of the Bureau of Mines, its purpose and 
equipment, by H. H. Clark. 1911. 12 pp. 

TECHNICAL Paper 6. The rate of burning of fuse as influenced by temperature and 
pressure, by W. O. Snelling and W. C. Cope. 1912. 28 pp. 

TECHNICAL Paper 7. Investigations of fuse and miners’ squibs, by Clarence Hall 
and S. P. Howell. 1912. 19 pp. ; 

TECHNICAL Paper 11. The use of mice and birds for detecting carbon monoxide 
after mine fires and explosions, by G. A. Burrell. 1912. 15 pp. 

TECHNICAL PAPER 12. The behavior of nitroglycerin when heated, by W. O. Snell- 
ing and C.G. Storm. 1912. 14 pp.,1 pl. 

TECHNICAL Paper 13. Gas analysis as an aid in fighting mine fires, by G. A. Bur- 
relland F. M. Seibert. 1912. 16 pp. 
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